With an incremental cost-effectiveness ratio of $94 638 per life-year gained, erlotinib treatment for patients with previously treated advanced non-small cell lung cancer is marginally cost-effective. The use of molecular predictors of benefit for targeted agents may help identify more or less cost-effective subgroups for treatment.
Lung cancer is the leading cause of cancer-related death and imposes a considerable public health burden across the world (1) . In Canada in 1998, it was estimated that the cost arising from lung cancer-related hospital care and mortality costs was $3.0 billion (Canadian dollars) (2) . Estimates from the United States indicate that the cost of treating each lung cancer patient has increased by more than a factor of five from 1991 to 2002 (3) . These costs may increase even more with the development of novel targeted therapies for lung cancer.
Non-small cell lung cancer (NSCLC) accounts for 85% of all primary lung cancers. The disease frequently presents in an advanced stage when cure is not possible, and treatment intent is palliative. First-and second-line chemotherapy is the standard of care for patients who have advanced NSCLC and a good performance status; such therapy has improved symptom control and survival benefits compared with best supportive care (4) (5) (6) . After chemotherapy has failed, the only treatment shown to provide additional quality of life and survival benefit is the epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor, erlotinib (7, 8) .
The NCIC Clinical Trials Group undertook an international, randomized, placebo-controlled trial of erlotinib after the failure of first-or second-line chemotherapy, the BR.21 trial (NCT00036647, http://www.clinicaltrials.gov) (7) . This landmark trial enrolled patients between August 14, 2001 , and January 31, 2003, and was the first to demonstrate an advantage for an EGFR tyrosine kinase inhibitor in overall survival and in quality of life (7, 8) . Funding restrictions in many countries limit a patient's access to erlotinib; therefore, an accurate evaluation of the costeffectiveness of erlotinib is important if patients are to have access to this therapy in publically funded health systems. 
Background
The NCIC Clinical Trials Group conducted the BR.21 trial, a randomized placebo-controlled trial of erlotinib (an epidermal growth factor receptor tyrosine kinase inhibitor) in patients with previously treated advanced nonsmall cell lung cancer. This trial accrued patients between August 14, 2001 , and January 31, 2003, and found that overall survival and quality of life were improved in the erlotinib arm than in the placebo arm. However, funding restrictions limit access to erlotinib in many countries. We undertook an economic analysis of erlotinib treatment in this trial and explored different molecular and clinical predictors of outcome to determine the cost-effectiveness of treating various populations with erlotinib.
Methods
Resource utilization was determined from individual patient data in the BR.21 trial database. The trial recruited 731 patients (488 in the erlotinib arm and 243 in the placebo arm). Costs arising from erlotinib treatment, diagnostic tests, outpatient visits, acute hospitalization, adverse events, lung cancer-related concomitant medications, transfusions, and radiation therapy were captured. The incremental cost-effectiveness ratio was calculated as the ratio of incremental cost (in 2007 Canadian dollars) to incremental effectiveness (life-years gained). In exploratory analyses, we evaluated the benefits of treatment in selected subgroups to determine the impact on the incremental cost-effectiveness ratio.
Results
The incremental cost-effectiveness ratio for erlotinib treatment in the BR.21 trial population was $94 638 per lifeyear gained (95% confidence interval = $52 359 to $429 148). The major drivers of cost-effectiveness included the magnitude of survival benefit and erlotinib cost. Subgroup analyses revealed that erlotinib may be more cost-effective in never-smokers or patients with high EGFR gene copy number.
The BR.21 trial found a median overall survival benefit of 2 months for patients in the erlotinib arm compared with the placebo arm (adjusted hazard ratio [HR] = 0.70, P < .001). Higher response rates with erlotinib were observed in some groups (eg, patients of Asian origin, women, never-smokers, and patients with adenocarcinoma). However, among erlotinib-treated patients, never-smoking status was the only statistically significant clinical predictive factor for improved overall survival in multivariable analysis. Molecular predictors of outcome, including EGFR protein expression status, EGFR gene mutation status, increased EGFR gene copy number, and KRAS gene mutation status, were also evaluated when tissue was available to determine whether any of these molecular markers alone or in combination would be useful in selecting patients with a higher probability of benefiting from erlotinib treatment (9, 10) .
We undertook an economic analysis of erlotinib treatment in this trial and explored different molecular and clinical predictors of outcome to determine the cost-effectiveness of treating various populations with erlotinib. The primary objective of this retrospective analysis was to determine the incremental cost-effectiveness ratio, as measured in cost per life-year gained, of erlotinib treatment in patients with advanced NSCLC after failure of chemotherapy, by use of individual patient data from the BR.21 trial. As a secondary objective, and in an exploratory analysis, we evaluated the impact of both clinical and molecular predictors of outcome and the line of therapy on the incremental cost-effectiveness ratio of erlotinib treatment.
Patients and Methods
This study was a retrospective analysis of the direct medical costs associated with erlotinib treatment in the BR.21 trial from the perspective of the Canadian public health-care system. Resource utilization was obtained from the database of a prospective clinical trial that included data from all 731 patients in the study, who were from Canadian and international centers, with 488 patients in the erlotinib arm and 243 in the placebo arm. Patients received either 150 mg of erlotinib or placebo orally each day until development of disease progression or unacceptable toxicity. Dose reductions were permitted for treatment toxicity, such as severe rash or diarrhea that could not be controlled with supportive measures. Costs were determined at the Princess Margaret HospitalUniversity Health Network, by use of the 2007 Schedule of Benefits and Fees from the Ontario Health Insurance Plan, unless otherwise stated (11) . Investigators collecting resource utilization data and costs (P. A. Bradbury, N. B. Leighl, and R. Ng) were blinded to patient treatment arm. Costs were derived in 2007 Canadian dollars. All non-2007 costs were adjusted to 2007 costs by use of the Canadian Price Adjustment Index for Health and Personal Cares (www.bankofcanada.ca). Because the median survival time in the study was less than 1 year and because very few patients remained on study at 18 months in both arms (7), discounting was not used. Resource utilization data collected during the study horizon were used in this analysis as they were monitored and verified through source documentation. It was assumed, given the short survival of end-stage NSCLC patients with no further therapeutic options associated with a proven overall cONteXt AND cAVeAtS
Prior knowledge
The randomized placebo-controlled BR.21 trial evaluated erlotinib (an epidermal growth factor receptor tyrosine kinase inhibitor) vs placebo treatment in patients with previously treated advanced non-small cell lung cancer. This trial observed a statistically significant median overall survival benefit of 2 months for patients in the erlotinib arm compared with the placebo arm.
Study design
An economic analysis of erlotinib treatment in this trial explored different predictors of outcome to determine the cost-effectiveness of treating various populations with erlotinib and to calculate the incremental cost-effectiveness ratio.
Contribution
Erlotinib treatment had an incremental cost-effectiveness ratio of $94 638 per life-year gained, with major drivers of cost-effectiveness being the magnitude of survival benefit and the cost of erlotinib. In subgroup analyses, erlotinib appeared to be more cost-effective in never-smokers and in patients with high EGFR gene copy number.
Implications
Erlotinib treatment for patients with previously treated advanced non-small cell lung cancer is marginally cost-effective. The use of molecular predictors of benefit for targeted agents may help identify more or less cost-effective subgroups for treatment.
Limitations
Some costs were not captured in the database and required modeling. Prospective utility data were not collected in the BR.21 trial.
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survival benefit, that patients stopping study treatment because of disease progression with an expected short survival duration would incur similar palliative care costs in both arms of the trial. A minority of patients (18% in the erlotinib arm and 21% in the placebo arm) received additional systemic therapy after discontinuing the clinical trial. These proportions were similar in both arms and therefore not included in the analysis, given the unlikely impact on incremental cost.
Drug Costs
Information on doses and the duration of study drug administration was obtained directly from the trial database. Current costs for erlotinib in 2007 Canadian dollars were obtained from PPS Pharma Publication (Total Pricing Systems, Inc, New Brunswick, CA) (12).
Hospitalization and Serious Adverse Events
The number of inpatient hospital days for each patient was obtained from the trial database while they were included in the study. We used the World Health Organization, International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Version for 2007, Code (ICD-10), to assign the most responsible diagnosis on the basis of the serious adverse event narrative review (13) . Costs per diem were obtained from the Ontario Case Costing Acute Inpatient Database. Costs attributed to investigations in the Ontario Case Costing Acute Inpatient Database figures were removed to avoid double counting. Instead, costs for investigations were derived from individual patient data in the BR.21 trial database. Complex admissions with multiple diagnoses (approximately 10%) were reviewed by two investigators (N. B. Leighl and P. A. Bradbury), with 100% concordance on diagnostic codes and attributed costs. The 36 hospitalizations that did not have adequate accompanying information to enable accurate assessment of resource utilization were not included in this analysis. There was no imbalance between the number of patients (P = .15) and the length of hospital stay (P = .7) across the two arms for the hospitalizations that were excluded.
Emergency room visits were not routinely captured in the database, but their costs were determined when listed in the serious adverse event narrative. The costs arising from lung cancer patients who visited University Health Network emergency departments have been described previously (14) and were adjusted to 2007 costs.
Diagnostic Tests and Procedures
Data on blood tests, imaging, and cardiac testing were taken from the trial database. Procedures (eg, thoracocentesis) were not captured systematically in the database but were assumed to be similar in both arms.
Concomitant Medications
Medication use for symptom management and erlotinib therapy were captured from the trial database. Costs for the use of analgesic agents, antibiotics, antinauseant agents, steroid drugs, anticoagulant agents, and growth factors were modeled on the basis of current Canadian practice. Duration of treatment was derived from the trial database. Costs for managing treatment-related toxicity were attributed to patients on the basis of reported toxicities in the trial database (eg, rash or stomatitis). From expert opinion (F. A. Shepherd, N. B. Leighl, G. Liu, and R. Burkes) and published literature (15, 16) , it was conservatively assumed that the majority of patients experiencing a rash with a grade 2 or higher would receive 7 days of oral macrolide antibiotic therapy and hydrocortisone lotion. Medications costs were obtained from Princess Margaret Hospital pharmacy. Costs that were modeled for management of toxic effects were cross-referenced with the concomitant medication database to avoid double counting.
Transfusions
The costs of transfusions (ie, blood per unit and platelets per 5 U) were obtained from the Canadian Blood Services (14) and adjusted to 2007 costs by use of the Canadian Price Adjustment Index for Health and Personal Cares. Administration costs included hotel, nursing, and laboratory costs.
Radiation Therapy
Information on radiation therapy was obtained from the trial database. If the radiation doses captured were nonstandard, a radiation oncologist (K. Franks, who was blinded to treatment arm) reviewed and recommended standard dose and fractionation schemes that would reflect Canadian practice. Radiation costing included cost per fraction and treatment review costs (14) but excluded computed tomography planning, which is not standard Canadian practice for palliative treatment.
Outpatient and Physician Costs
Outpatient visits were obtained from the trial database. All medical oncology visits were costed as follow-up visits. Radiation therapy outpatient visits were classified as an initial consultation and one treatment review visit for each week of radiation therapy that contained more than five fractions. The cost of visits included hotel costs (overhead; administration; facilities including maintenance, housekeeping, porter supplies, medical records, and equipment), staff salaries, and physician billings. The salary costs included benefits, educational leave, and hours attributed to the lung cancer clinic (14) . The total cost was averaged over the number of outpatient visits.
Molecular Analyses in BR.21 Clinical Trial
Molecular predictors evaluated in subgroup analyses included EGFR protein expression by immunohistochemistry by use of Dako EGFR PharmDx kits (Dako, Carpinteria, CA). Tumors were considered to be positive for EGFR when more than 10% of tumor cells demonstrated partial or complete membranous staining of any intensity (from 322 patients) (9, 10) . EGFR mutation status was determined by polymerase chain reaction amplification of exons 18 through 21 of the EGFR gene (from 204 patients). EGFR gene copy number was determined by fluorescence in situ hybridization, and tumors were classified as positive for fluorescence in situ hybridization if they had a high degree of polysomy or amplification (from 159 patients). KRAS mutations were identified by polymerase chain reaction amplification and sequencing of exon 2 of the KRAS gene (from 106 patients) (9, 10) . Results from the molecular univariate analyses demonstrated a statistically significant overall survival benefit for patients with tumoral EGFR protein expression (HR of death = 0.68, 95% confidence interval [CI] = 0.49 to 0.95, P = .02), high EGFR copy number (HR of death = 0.43, 95% CI = 0.23 to 0.78, P = .004), and wild-type KRAS (HR of death = 0.69, 95% CI = 0.49 to 0.97, P = .311) but not for patients with low EGFR copy number (HR of death = 0.80, 95% CI = 0.49 to 1.29, P = .353), EGFR-activating mutations (HR of death = 0.55, 95% CI = 0.25 to 1.19, P = .122), patients with KRAS mutations (HR of death = 1.67, 95% CI = 0.62 to 4.50, P = .310), or negative EGFR protein expression (HR of death 0.93, 95% CI = 0.63 to 1.36, P = .70). In addition, clinical predictors of response including female sex, Asian ethnicity, adenocarcinoma histology, and never-smoking status were associated with an increased responsiveness to erlotinib. Never-smoking status was the only clinical predictor to be associated with an overall survival benefit (7). We postulated that clinical and molecular predictors of outcome could be used to identify patient subgroups for which erlotinib therapy was more cost-effective than an unselected population.
Statistical Analysis
All resources per patient were multiplied by cost per resource. Overall mean resource utilization and costs were calculated. The incremental cost was calculated as the incremental difference between the mean overall cost of treatment per patient in the erlotinib arm compared with that in the placebo arm. The incremental effectiveness was the difference in the mean survival time (as estimated from the restricted mean of Kaplan-Meier curves) between the erlotinib and the placebo arms. The use of mean survival time is a standard measure in economic analysis (14, 17) and preferred to median survival because it allows the required arithmetic manipulation of incremental survival to derive the incremental cost-effectiveness ratio. The mean overall survival was calculated with restriction to the longest observed survival time (ie, the horizon of the trial) and by the Kaplan-Meier method, which takes into account of survival times of patients censored (including those still alive at the end of the study). The incremental cost-effectiveness ratio was calculated as the ratio of incremental cost (in 2007 Canadian dollars) to incremental effectiveness (in life-years gained). One-way sensitivity analyses used clinically relevant and pragmatic ranges. Bootstrap methodology with 1000 replicates was used to calculate the 95% confidence intervals and to construct the cost-effectiveness acceptability curve (18) . Sensitivity analysis was conducted by varying the major drivers of cost, study drug, and incremental survival, by 20% and two standard deviations (SDs).
Exploratory subgroup analyses were performed to evaluate the impact of clinical (sex, smoking status, histology, ethnicity, and number of previous treatments) and molecular predictors of outcome (EGFR protein expression status, EGFR tyrosine kinase mutation status, EGFR gene copy number, and KRAS gene mutation status) on the incremental cost-effectiveness ratio. Because this was an exploratory analysis and because these tests are not currently routine part of clinical practice, costs that would be incurred from conducting these additional analyses was not included in the primary cost analysis. Furthermore, the costs of immunohistochemistry for EGFR protein expression status, fluorescence in situ hybridization for EGFR gene copy number, and mutation analysis for EGFR tyrosine kinase status and KRAS gene mutation status were undertaken on samples from patients on both arms of the study and therefore would not alter the incremental cost. All statistical tests were two-sided.
results

Patient Characteristics and Survival Data
Of 731 patients recruited for the trial, 488 previously treated patients were randomly assigned to receive erlotinib treatment and 243 were randomly assigned to receive placebo (ratio for randomization = 2:1) (7). At the time of study analysis, 682 patients had had progressive disease and 587 deaths had occurred. The median overall survival was 6.7 months (SD = 0.56 years) in the erlotinib arm and 4.7 months (SD = 0.39 years) in the placebo arm (difference = 2 months; HR = 0.70, P < .001). The mean overall survival was 9.0 months (SD = 0.75 years and standard error [SE] = 0.03) in the erlotinib arm and was 7.4 months (SD = 0.62 years and SE = 0.04) in the placebo arm (difference = 1.6 months).
Resource Utilization and Costs
The mean resource utilization for treatment, outpatient visits, hospitalization, transfusions, and radiation is summarized in Table 1 .
Resource utilization between Canada and other participating countries was similar (data not shown); therefore, all patients recruited to the BR.21 trial were included in this economic analysis, and Canadian costs were assigned. When we determined mean costs per patient for erlotinib (treatment arm only), investigations, outpatient and hospital visits, physician fees, concomitant medications, radiation therapy, and transfusions (Table 2) , erlotinib was found to be the main driver of cost (71%), followed by hospitalization (15% in the erlotinib arm). Hospitalization was the major cost driver in the placebo group (61%). Costs for radiation therapy were greater in the placebo arm than in the erlotinib arm.
Incremental Cost-effectiveness Ratio
The mean cost per patient was $16 487 in the erlotinib arm and $4184 in the placebo arm. The mean incremental survival difference between the two arms was 0.13 years, in favor of the erlotinib arm. This difference resulted in an incremental cost-effectiveness ratio for erlotinib in patients with advanced previously treated NSCLC of $94 638 (in 2007 Canadian dollars; 95% CI = $52 359 to $429 148) per life-year gained. The associated cost-effectiveness acceptability curve, which summarizes the probability of erlotinib being cost-effective compared with best supportive care at a given threshold of interest, is shown in Figure 1 .
Sensitivity Analysis
Sensitivity analysis was performed by varying the cost of erlotinib plus or minus 20% and the incremental survival difference by two standard deviations (Figure 2 ). Varying the cost of erlotinib resulted in an incremental cost-effectiveness ratio of $77 547 to $114 190 (2007 Canadian dollars). The magnitude of the survival benefit was the main driver of the cost-effectiveness ratio; thus, the incremental cost-effectiveness ratio was most sensitive to changes in overall survival, ranging from $55 386 to $356 173 per life-year gained (2007 Canadian dollar). However, a variation by two standard deviations in survival benefit is highly unlikely; thus, we expected the range of cost-effectiveness is expected to remain in the range of the mean point estimate (ie, $94 638).
Incremental Cost-effectiveness Ratio of Subgroups as Defined by Predictors of Outcome
We evaluated the impact of clinical and molecular predictors of outcome on cost-effectiveness through subgroup analyses (Table 3) . Never-smoking status and EGFR gene copy number had the greatest impact on incremental cost-effectiveness ratio values, identifying subsets of patients for whom erlotinib therapy has an associated incremental cost-effectiveness ratio of less than $40 000 per life-year gained. Adenocarcinoma histology and EGFR protein expression status were also associated with a lower incremental cost-effectiveness ratio, but female sex and EGFR gene mutation status were associated with higher incremental cost-effectiveness ratios. These results may reflect the high response rate to erlotinib in these subgroups without a corresponding statistically significant improvement in overall survival. Finally, erlotinib treatment in the second-line setting ($67 844) appeared more cost-effective than in the third-line setting ($110 411). This difference resulted from the larger mean survival difference between patients who were treated with erlotinib in the second-line setting and those who were treated in the third-line setting.
Discussion
In this analysis of the NCIC Clinical Trials Group BR.21 randomized trial, the incremental cost-effectiveness ratio for erlotinib therapy in previously treated advanced NSCLC patients was found to be $94 638 per life-year gained (2007 Canadian dollars). We believe that these data can be generalized to other jurisdictions because resource utilization was similar among the different countries participating in the trial. The major driver of cost in this analysis was erlotinib drug cost, and incremental survival gain was the major driver of the incremental cost-effectiveness ratio. Drug costs may have differed somewhat between regions but were largely similar. Much of the additional resource utilization observed in this trial would be standard in the management of any advanced pretreated lung cancer patient. Although these costs may differ between countries, usually these differences are not large. Finally, because there is evidence that some subgroups of patients may derive greater benefit from erlotinib, we undertook exploratory analyses to define the impact of predictors of outcome on the cost-effectiveness of erlotinib. Despite the statistically significant, albeit modest, overall survival and quality-of-life benefits from erlotinib in this population, many jurisdictions have chosen not to fund erlotinib therapy for reasons of cost. For example, the National Institute for Health and Clinical Excellence (United Kingdom) initially declined to fund 300,000 100,000 0 400,000 200,000 300,000 100,000
Incremental Survival
Erlotinib cost
Variable ICER= incremental cost effectiveness ratio erlotinib therapy but recently recommended erlotinib therapy as an alternative treatment to docetaxel chemotherapy, provided the manufacturer supplies the drug at a cost that ensures equivalence between erlotinib and docetaxel (19). The Pharmaceutical and Therapeutics Advisory Committee of New Zealand also has declined to fund erlotinib (20,21). The Pharmaceutical Benefits Advisory Committee in Australia rejected the initial application for erlotinib funding and only recently approved erlotinib with restrictions, similar to those within Canada (22,23). This highlights the challenge facing publicly funded health-care systems in absorbing the rising costs associated with new therapies.
To our knowledge, this is the first study to evaluate the costeffectiveness of an EGFR tyrosine kinase inhibitor using clinical trial data. However, in a modeled decision analytic study, to determine the impact of introducing erlotinib therapy on US healthcare expenditure, it was estimated (24) that erlotinib therapy would have a minimal impact on the overall annual health-care budget. This study estimated the cost of erlotinib therapy in the secondand third-line setting would be offset by savings in the second-line setting because of the favorable side effect profile and reduced administration costs compared with chemotherapy. In a second study to evaluate the incremental costs and quality-adjusted lifeyears of erlotinib, docetaxel, and pemetrexed from the US payer perspective, erlotinib was associated with reduced costs and appeared cost saving in a probabilistic sensitivity analysis (25) . Pemetrexed was included in both models; funding for this drug is restricted by many public health-care systems because of its high cost (pemetrexed costs US $3998 per cycle; docetaxel costs US $2483 per cycle, and erlotinib costs US $2330 per month of treatment) (24) and lack of any survival benefit compared with docetaxel in the second-line setting (5). Furthermore, erlotinib has not yet been shown to be equivalent to either pemetrexed or docetaxel in the second-line setting among patients with advanced NSCLC who are eligible for chemotherapy, although results of a comparative trial are pending. Another EGFR tyrosine kinase inhibitor, gefitinib, has demonstrated noninferiority compared with docetaxel in a randomized controlled trial as a second-line therapy (26) , but a trial with a similar design that was conducted in Japan failed to demonstrate similar survival between the arms, perhaps because only 36% of patients proceeded to third-line chemotherapy compared with 53% who proceeded to third-line EGFR tyrosine kinase inhibitor after second-line chemotherapy (27) . Thus, the sequencing of these agents may be important. We found the incremental cost-effectiveness ratio of erlotinib was lower in the second-line setting than in the third-line setting among patients who were not eligible to receive additional chemotherapy. However, as clinical trials evaluating erlotinib as an earlier treatment option and as a maintenance therapy (28) are conducted, additional economic analyses are required to determine the most cost-effective setting for EGFR tyrosine kinase inhibitors.
As targeted therapy evolves, it may be tailored to subgroups of patients who benefit preferentially from selected treatments, defined by molecular and/or clinical features. Of the clinical predictors of benefit, a lifetime nonsmoking history was associated with the lowest incremental cost-effectiveness ratio. Interestingly, female sex, which was associated with an increased response rate to EGFR tyrosine kinase inhibitors, was not associated with a lower incremental cost-effectiveness ratio. This result may reflect the prognostic impact of sex and the higher incidence of EGFR gene mutations in women (7, 29) . We found that patients with tumors that had a high EGFR copy number had a very favorable incremental cost-effectiveness ratio but that the presence of EGFR-activating mutations located in exon 19 or 21 was not associated with a lower incremental costeffectiveness ratio. In the BR.21 trial, patients with EGFRactivating mutations who were randomly assigned to either the placebo or the erlotinib group lived longer than patients without activating mutations (HR = 0.55, 95% CI = 0.25 to 1.19) (9) . However, the median survival difference between patients with activating mutations in the placebo arm and those with activating mutations in the erlotinib arm was only 2.6 months (median survival of 8.3 and 10.9 months, respectively). Patients with good prognostic features in both study arms appear to remain on treatment for longer periods of time. Therefore, the relatively small survival difference between treated and untreated patients with good prognosis corresponds to a higher incremental costeffectiveness ratio, despite potential benefit from erlotinib. By contrast, patients in the placebo arm with a high EGFR copy number had a median overall survival of only 3.1 months and those in the erlotinib arm had a median overall survival of 10.5 months (HR = 0.42, 95% CI = 0.23 to 0.78) (9) . The large incremental survival benefit with erlotinib treatment in this subgroup was associated with a favorable cost-effectiveness ratio in our study. Similarly, in a decision analytic model to explore the impact of testing for EGFR protein expression by immunohistochemistry or EGFR gene copy number, Carlson et al. (30) determined that gene copy number was the optimal testing strategy to select patients for erlotinib therapy. These results are clearly driven by the clinical data from the NCIC CTG BR.21 trial. We did not include the costs of performing the molecular tests in our analysis. These tests are not currently considered routine in many countries, and patients in both arms of the BR.21 trial had tumor samples tested; thus, there would be no incremental cost of testing in our exploratory analysis. However, if pharmacogenomic testing becomes part of routine practice, such testing would have a clear budget impact, not only for the cost of molecular testing but also for the need to repeat biopsy examinations in some patients when existing tumor sampling is insufficient for testing.
Initially, funding for therapy with an EGFR tyrosine kinase inhibitor in Australia was limited to patients whose tumors were known to carry EGFR-activating mutations (31). Although this strategy may appear to be minimize costs from the payer perspective because fewer patients would be treated overall, our results suggest that it may result in many patients being denied therapy who might otherwise benefit at an acceptable cost to society. Patients with EGFR-activating mutations are uncommon in North American and Western populations, with reported rates of 10% or less (29) . The predictive value of EGFR mutations for survival benefit with EGFR tyrosine kinase inhibitors, as well as the economic impact of treating this group, will be best assessed through recent and ongoing trials in Asia, where the mutation rate is substantially higher. For example, a first-line study conducted in Asia that compared gefitinib with carboplatin or paclitaxel among never-smokers or former light smokers with advanced lung adenocarcinoma found improved progression-free survival in the gefitinib arm among patients whose tumors had EGFR mutations (32).
When comparing EGFR tyrosine kinase inhibitor therapy with chemotherapy, the predictive value of molecular markers may differ from the results observed in the BR.21 trial. In a randomized trial that compared gefitinib with docetaxel chemotherapy in the second-line setting, biomarkers were not associated with better overall survival in either the chemotherapy or the EGFR tyrosine kinase inhibitor treatment arm (26) .
Our study has potential limitations associated with its design. Although the use of individual patient data minimized the need to model resource utilization, some costs were not captured in the database and did require modeling, which reflects the challenges of any retrospective analysis. These modeled costs were minor contributors to the final incremental cost-effectiveness ratio and were similar to those in other studies (24, 25) . Costs of care beyond the study timeline could not be captured reliably from the trial database and, thus, were not included in this analysis. However, erlotinib is a palliative treatment, and there is no other therapy that has been proven to improve outcome in the third-line setting. Combined with the short survival duration beyond progression in both study arms, it is reasonable to assume that resource utilization and costs off-study were similar in both arms. Because the trial enrolled patients at multiple sites worldwide, we investigated resource utilization among countries and found such utilization to be similar among countries. This result reflects similarities of practice for the management of the terminal phase of NSCLC when there is no additional systemic therapy of proven benefit and prognosis is poor. Finally, prospective utility data were not collected as part of the BR.21 trial.
In summary, erlotinib in previously treated patients with advanced NSCLC has an incremental cost-effectiveness ratio of $94 638 per life-years gained (2007 Canadian dollar). This figure exceeds the US threshold historically accepted as cost-effective (ie, $50 000 per quality-adjusted life-year) (33) and is at the upper boundary of moderate cost-effectiveness from a Canadian perspective (34, 36) . Our analysis indicated that erlotinib was of marginal cost-effectiveness at best and was in the higher range of costeffectiveness ratios that high-resource countries may consider acceptable. Thus, it may be possible to enhance the cost-effectiveness of this treatment through the clinical and molecular selection of patients for treatment. However, caution is required in interpreting data from these post hoc analyses that include small numbers of patients. Currently, most countries do not use biomarkers to guide selection of NSCLC patients for EGFR tyrosine kinase inhibitor therapy, and the best biomarkers may be differ between Asian and non-Asian populations. Although EGFR mutations may guide treatment decisions for use of EGFR tyrosine kinase inhibitors in Asia in the future, in particular decisions about the order in which EGFR inhibitors and chemotherapy should be given (30) , this marker may be less valuable in North American and European populations, in which EGFR mutations are less common. Our data support the use of EGFR copy number as a biomarker to select a population with a more favorable cost-effectiveness ratio for erlotinib treatment.
Despite the challenges of identifying predictive biomarkers to guide treatment decisions, EGFR inhibitor therapy has become an important treatment for advanced NSCLC patients. The costeffectiveness ratio of erlotinib therapy in an unselected advanced NSCLC population is most sensitive to changes in incremental survival benefit and in erlotinib drug cost. Ongoing efforts to identify which patients are most likely to benefit from treatment and to make targeted cancer therapies more affordable will serve to make this important treatment option available for lung cancer patients worldwide.
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